ABSTRACT
.
--Some selected compositions are shown in Table II. (1)* Today more than ever, the processing of advanced alloys must be treated on a systems basis.
To begin with a consideration of basic alloy characteristics is in order. This in turn allows the optimal choice of hot working parameters to yield the desired final product attributes. For example, the hot working of an alloy strengthened by allotropic transformation must be carefully maintained above a certain minimum exit temperature in order to prevent cracking due to the formation of brittle transformation products.
On the other hand, a precipitation hardened alloy might be quenched on exiting from a hot rolling operation in order to prevent the precipitation of strengthening precipitates which can lower ductility in subsequent operations. Similar care throughout the subsequent reduction steps must be given in order to preserve alloy characteristics such as fine grain size, uniform carbide distribution, and minimized banding in the finished product.
*numbers in parenthesis denote appropriate references.
A correlation of temperature as a function of hardener (Ti, Al, Cb, etc.) content (relative gamma prime factor) for a selection of superalloys is shown in Fig. 1 . In order to identify the hot working ranges of these alloys as a function of alloy content, we must establish the temperature interval within which the alloy exhibits sufficient malleability while avoiding incipient melting at the upper end (the incipient melting range) and re-precipitation of brittle phases at the lower end (to a first approximation this is considered equivalent to the solutioning range since we desire to keep these phases in solution).
The trends indicated by Fig. 1 In the case of the charpy test, specimens are heated in an electrical resistance furnace and then quickly transferred to the impact machine anvil.
In this way the impact resistance and to a very limited degree, the ductility can be studied as a function of temperature.
In the case of the tension impact test, the specimen can be heated (for example by resistance) while held in place either in the head of the impact machine or in a special clutch device connected to the anvil.
(32) The general disadvantages of either impact test concern the comparatively greater mechanical difficulties involved.
In addition, the data (in terms of ft-lbs.
of energy absorbed) are more difficult to translate to actual hot working procedures.
On the other hand, the data have been used successfully in defining differences between different lots and heats of materials.
Recent improvements to impact testing instrumentation now allow the direct assessment of force-displacement curves in impact. showed a ductility recovery peak in the vicinity of 205OF, also associated with fine grain (observe that the grain size at the peak temperature 2200F was very coarse).
At lower temperatures, samples tested "on-cooling" from a peak temperature of 215OF indicated (2200F actual) were associated with coarse grain and low ductility.
Taking these data as typical, the results show that Hastelloy X workability is limited by low ductility due to coarse grain and grain boundary liquation at temperatures above 2200F.
For this type of product and the melt practice used, heating for hot working
should not exceed about 2175F in order to avoid permanent damage due to grain boundary liquation. The ductility maximum at about 205OF is interpreted as due to dynamic recrystallization triggered by the optimum combination of deformation at temperature.
At lower temperature, for example "on-cooling" from 22OOF, the samples were not deformed sufficiently to store the energy for recrystallization. Furthermore, the lower temperatures may not have been sufficient to release whatever energy that was stored.
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Inconel 600 ---This alloy is somewhat similar in type to HX in that it is essentially a matrix stiffened grade (16% Cr, 75% Ni, 8% Fe, etc.). Figures  10 and 11 , show similar data as the above for various conditions of prior heat treatment.
The rationale of these results is essentially the same as that for HX and is summarized in Fig. 18 . 
Hastellcu --This grade is another example of a non-gamma prime hardening system (matrix stiffened).
The prime attribute is strength retention at temperatures where oxidation is the prime weakening factor. The composition is basically 16% Cr, 17% MO, 5% Fe, 2.5% Co, Bal. Ni.
As shown in Fig. 12A , this alloy is only slightly affected at its peak ductility temperature by prior heating in the range 2150F to 2250F. However, the available ductility is low (59% R/A) and the strength of the alloy is quite high, thus indicating rigid hot working equipment and rather careful attention to reheating and deformations per pass scheduling. As might be expected, this alloy is highly susceptible to embrittlement by sulfur residuals as also shown in Fig. 128 .
Rene 41 and Inconel 7'18 --Hot ductility curves for these alloys are shown in Figures  13A and 13B . The material for both was the same (essentially l/2 inch round bar stock for fastener applications).
In these alloys, the embrittlement phenomenon described for matrix stiffened alloys is largely surpressed. It is postulated that gamma prime and other precipitates pin grain boundaries so as to promote retention of fine grain during hot working operations. Thus the mechanism of dynamic recrystallization during hot working is retarded in these types of alloys.
However, these same alloys are prone to the selective type of static recrystallization phenomenon described earlier so that careful attention must be given to subsequent strain increments preceding solution treatment.
A-286 --Data for this popular high temperature alloy are shown in Fi #for bar stock, and I'&.
14A for billet. As shown in Fig. 14A , the available ucti ity is quite high in the alloy.
However, care should be taken with regard to over heating prior to forging as the [ductility falls off rather sharply over about 205OF. An interesting feature of Fig. 14B The authors hope that this paper will be helpful to those for whom the data herein have been sufficiently convincing.
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